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and plants. Follow the directions and hee 
pesticides in original containers under lock and 
and-animals—and away from food and feed. 

























Apply pesticides so that they do not endanger humans. livestock, crops. 
beneficial insects, fish, and wildlife. Do not apply pesticides where there is 
danger of drift when honey bees or other pollinating insects are visiting plants, 
or in ways that may contaminate water or leave illegal residues. 

Avoid prolonged inhalation of pesticide sprays or dusts; wear protective 
clothing and equipment, if specified on the label. 

If your hands become contaminated with a pesticide. do not eat or drink 
until you have washed. In case a pesticide is swallowed or gets in the eyes, 
follow the first aid treatment given on the label. and get prompt medical 
attention. If a pesticide is spilled on your skin or clothing. remove clothing 
immediateiy and wash skin thoroughly. 
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NOTE: Some States have restrictions on the use of 
certain pesticides. Check your State and local regula- 
tions. Also, because registrations of pesticides are under 
constant review by the U.S Environmental! Protection 
Agency, consult your local forest pathologist. county 
agriculture agent, or State extension specialist to be sure 
the intended use is still registered. \ 
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Preface 


This biological/insecticide response database represents a noted milestone in the 
development of a model that predicts pest control efficacy, efficiency and the impact of pest 
control agents on non-target organisms. With this capability, land resource managers can 
evaluate and plan field operations that have a high assurance of meeting project objectives, 
including mitigating environmental impact. These dose-response models will be connected 
to the pest control agent spray drift and dispersion models, specifically through the Forest 
Service Cramer-Barry-Grim (FSCBG) aerial spray prediction model and its related decision 
support systems. 


It is significant that over a short period of 20 years a model capability has been 
developed that assembles the essential elements of engineering and physics, and provides a 
capability of predicting the trajectory and fate of droplets being atomized from each nozzle 
on any specified spray system. The development of FSCBG was indeed a significant 
accomplishment, but we still needed to make a connection to predicting biological and 
insecticide results to address the needs of biologists and toxicologists. This need was 
recognized since the beginning of FSCBG development in the 1970s; however, we initially 
focused on the significant challenge of developing the spray predictive model itself. Now, 
with model development nearly completed, we are able to focus on the biological and 
insecticide aspects. The database described herein provides an enhanced capability for 
users of FSCBG, SpraySafe Manager, GypsES Spray Advisor, and other decision support 
systems that will follow. 


We are fortunate to have the services of Continuum Dynamics, Inc. (CDI) of 
Princeton, New Jersey, to collect the database listed in this document and include it in 
FSCBG version 5.0 and the above-mentioned decision support systems. The database will 
allow users worldwide to use FSCBG and its decision support systems to answer "what if" 
questions from the viewpoint of environmental safety, target control, and cost/benefit and 
regulatory needs. 


I also asked CDI to include all dose-response data that they might find in the 
literature, recognizing that: (1) there is no scientific distinction between forestry and 
agricultural use of pesticides; (2) some pesticides no longer registered in the United States 
are still registered in other countries; (3) researchers might want to reconstruct and study 
past events; (4) some of the discontinued pesticides might have similar properties to newer 
agents that have a limited dose-response dataset; and (5) the literature has no conformity 
and often Latin names are not provided. 


We invite your comments and input to this database and processes as you apply it to 
your specific and varied needs. 


John W. Barry 
Davis, CA 
November 1996 
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1. Background 


This document contains a detailed summary of all available biological and 
insecticide dose-response data, collected from John Ghent, Amy Onken, John Barry and 
Parshall Bush, from USDA Forest Service reports, project reports, laboratory studies, 
technical journal articles, and other available sources. These data form the current state of 
knowledge of insect response to pesticides and plant response to herbicides. 


Over the last twenty-five years the USDA Forest Service has been pursuing the 
development of computer models to predict the dispersion and deposition of aerially 
released material. The two current models available are AGDISP (Bilanin et al. 1989) and 
FSCBG (Teske et al. 1993). FSCBG (for Forest Service Cramer-Barry-Grim) predicts the 
transport and behavior of pesticide sprays released from aircraft, influenced by the aircraft 
wake and local atmospheric conditions, through downwind drift and deposition to total 
accountancy and environmental fate. The AGDISP (for AGricultural DISPersal) near-wake 
model, contained within FSCBG, solves a Lagrangian system of equations for the position 
and position variance of spray material released from each nozzle on the aircraft. The 
combination of AGDISP within FSCBG presents a powerful predictive tool for dispersal 
of spray material from multiple line sources, including evaporation, canopy penetration, 
and accountancy and environmental fate. 


To date, these and other models do not contain the capability to predict the response 
of biological organisms to the pest control agent. To that end, this document collects all 
available data, parameterizes the data that contain sufficient information (two data points), 
and establishes a library of dose-response coefficients for use within FSCBG and the 
decision support systems for which FSCBG is the computational engine. These decision 
support systems include SpraySafe Manager and GypsES Spray Advisor. These are 
briefly summarized as follows: 


raySafe Manager. In an effort to simplify the input requirements to FSCBG for 
herbicide applications, Richardson (1995) suggested the development of a separate, highly 
user-friendly personal computer program (called SpraySafe Manager). One of the 
important components of this program will be a dose-response library, containing 
herbicide/plant combinations important to New Zealand. Herbicides provide a valuable 
vegetation management tool for forest managers; however, off-target spray deposition and 
drift have become significant environmental concerns. It is essential that herbicides be 
applied in a responsible manner with a clear understanding of how the selected application 
methods mitigate potential environmental impact and influence efficacy and operational 
efficiency. Of particular concern, until recently, was the lack of tools to assist managers to 
define best aerial application practices, and to demonstrate to clients, regulators, and the 
public that they are using these practices. FSCBG now provides a reliable method for 
planning safe aerial applications and calculating the environmental fate of pesticides from 
‘the point of spray release to deposition, and of defining dimensions of buffer zones. 
Assessing risk to a sensitive organism, and calculating buffer zone dimensions, require not 
only a prediction of the level of exposure but also knowledge of the biological response of 
the organism to the specified herbicide dose. SpraySafe Manager (SSM), a collaborative 
development of the New Zealand Forest Research Institute (FRI) and the USDA Forest 
Service, has addressed these problems by integrating FSCBG with models of plant 
response to herbicide application. With a simple, user-friendly interface, SSM allows 
users to calculate buffer distances based upon biological response data, and to rapidly 
determine biological and economic consequences of any application spray scenario. 


E ray Advisor. For the last five years a focused effort has been 
undertaken by the USDA Forest Service in the development and refinement of a decision 
support system for gypsy moth management. This system, called GypsES, contains 
mapping capabilities, database management, a forest stand damage prediction model, and 
FSCBG for the prediction of deposit and drift effects from gypsy moth spray projects (in 
its Spray Advisor module). GypsES is being developed by the USDA Forest Service, 
Northeastern Forest Experiment Station and State & Private Forestry represented by the 
Northeastern Area, Region 8 and Washington Office Forest Health Technology Enterprise 
Team - Davis. GypsES provides treatment support by predicting insecticide spray drift and 
deposit with FSCBG, and providing data on post-control of spray deposit and 
effectiveness of treatment. GypsES uses its GIS system to handle all geographic data, a 
spatially-referenced database, and a full-featured map creation and editing facility using 
topographic or SPOT imagery backgrounds. The basic objectives of GypsES are to model 
the sequence of evaluations necessary for gypsy moth management decisions and to 
provide managers with useful tools to make their work easier and more efficient. 


Previous work by Richardson, Ray and Vanner (1993) demonstrated that the 
distribution of spray block deposits may be closely approximated by a normal distribution 
following a logarithmic transformation of the deposition. The important parameters are the 
mean of the deposition in the spray block (where spray lines are separated by swath width) 
and coefficient of variation (CV), which represents the standard deviation of the normal 
distribution. Both mean deposition and CV are computed by FSCBG. 


Dose-response is generated by fitting field or laboratory data to a symmetrical 
sigmoid curve (following Richardson, Miller and Ray 1994) of the form 


= D-C | 
rh wexp ea app ind Gee (1) 


where the four parameters a, b, C and D describe the dose-response behavior of a plant 
species to a Specified herbicide, or an insect to an insecticide, and d is the deposition level. 


With the formulation described by Eq (1), it is possible to take the summary results 
from FSCBG (the mean and standard deviation of the deposition in a spray block), 
combine them with a specified dose-response biological/insecticide curve, and construct a 
measure of spray effectiveness (Teske 1996). It is therefore critical that sufficient 
laboratory or field data be available to describe the above dose-response equation in any 
desired application. This is a project now being undertaken for herbicides by FRI and the 
SpraySafe Manager User Group for development of SpraySafe Manager. Existing 
pesticide data form the bulk of the dose-response database included here, and more 
specifically for the gypsy moth, for development of a dose-response function in GypsES 

Spray Advisor. 


In the United States the USDA Forest Service will initially use the dose-response 
function in FSCBG and GypsES Spray Advisor. The USDA Forest Service is a 
cooperator in development of both decision support systems. 


2. Database 


The dose-response database is summarized in this section of the report. The 
specific columns in the database include the following information: 


Insect/Parasite/WeedSpecies 
Growth Stage 

Insecticide or Herbicide 
Reference # 

Year 

LD95 

LDSO 

LD Information 

Other Mortality Data 
General Information 


Entries in the dose-response database are sorted by: (1) name of the insect, parasite 
or weed species; (2) year of the reference; (3) name of the insecticide or herbicide applied; 
and (4) growth stage. The database was constructed in Paradox for Windows (version 
1.0), and entry listings are subject to certain constraints imposed by that software. It is not 
possible to italicize or underline portions of text in a column, only the entire entry. Thus, 
in the Insect/Parasite/WeedSpecies column the entire entry is italicized, with the common 
name listed first in capital letters and the scientific name listed second, in lower case letters: 
for example, ASSASSIN BUG (Acholla multispinosa). Nomenclature is otherwise exactly 
as given in each reference. In some cases, only one of the two names is available. For 
sorting purposes, capitalized entries are sorted first, so all entries listed by common name 
will be alphabetized ahead of those listed by scientific name only. 


Growth Stage is given as described in each reference. If a specific growth stage is 
not given, then the stage is listed as unknown. 


Insecticides or Herbicides are listed by scientific name first, followed by 
commercial names, for example, Diflubenzuron (Dimilin 25WP). Insecticides and 
herbicides are entered exactly as described in each reference. 


Reference # and Year refer to the numbered list of references found in Section 4 of 
this report. 


LD95 and LDSO are the lethal dosages for 50 percent and 95 percent mortality, 
respectively. These are the two mortality data points most commonly given in dose- 
response literature. All mortality data are entered exactly as given in each reference, with 
no conversion of units. Standard abbreviations for units are used, with the exception of 
‘micrograms and microliters: 10-6 ¢ is written as micg, and 10-6 L is written as micL. The 
abbreviations for liters and hectares (L and Ha) are always capitalized, even though in some 
references hectares is abbreviated as ha. Areas such as square cm are abbreviated as cm2. 
When scientific notation is used, 340000 is written, for example, as 3.4E5. 


LD Information gives other mortality data available as lethal dosages: for example, 
LD84 denotes a lethal dosage for 84 percent mortality, LD(0) denotes a dosage for no 
mortality. This column also lists pertinent information about the LD values given, such as 
the method used to assay dose-response. In some cases the only mortality data available 


may be that a species is "unaffected" or “affected” at a certain concentration of insecticide or 
herbicide. 


Other Mortality Data lists other pertinent information about the biological response 
of the species to the insecticide or herbicide. 


General Information gives any other important information included in the 
reference. No entries in this column can be italicized or underlined, so any species names 
given here are listed in plain type. 


A list of acronyms used to describe the dose-response of the species listed in the 
database are summarized in Table 1. The dose-response database currently consists of 432 
entries. 


BIU 
Bt 
CFU 
DAA 
EC 


IU 
LC 


MATC 


MNPV 
NOAEL 


NOEC 
NOEL 
NPV 
PIB 
RH 


Table 1: Acronyms used to describe dose-response. 


Active Ingredient 

Billion International Units 
Bacillus thuringiensis 
Colony Forming Units 
Days After Application 


Effective Concentration: ECS0 is that concentration expected to cause 50 
percent inhibition or reduction of growth 


International Unit 

Lethal Concentration: the concentration of a chemical in air to which 
exposure for a specific length of time is expected to cause death in a given 
percentage of a defined experimental animal population 


Lethal Dosage: the dose of a chemical calculated to cause death in a given 
percentage of a defined experimental animal population 


Lowest Effective Level 

Maximum Allowable Toxic Concentration 
Maximum Expected Environmental Concentration 
Multiple-embedded Nuclear Polyhedrosis Virus 


No-Observed-Adverse-Effect-Level: effects may be produced at this dose, 
but they are not considered to be adverse 


No-Observable Effect Concentration 
No-Observable Effect Level 
Nuclear Polyhedrosis Virus 
Polyhedral Inclusive Bodies 
Relative Humidity 


Volume Median Diameter 
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3. Dose-Response Functions 


Of all of the entries present within the dose-response database, to date only 45 of 
them are detailed sufficiently so that the dose-response function, described by Eg (1), can 
be determined. Specifically, the assumption is made in Eq-(1) that C = 0 and D = 1, 
implying that with no deposit, there is no control, and with large deposit, there is complete 
control. 


Therefore, the two parameters a and b must be determined for Eq (1) to be usable as 
a dose-response function. This suggests that a specific chemical, acting on a biological 
organism, must have two data points recoverable from the literature (most generally the 
LD95 and the LD50). With these data in hand, the two parameters can be determined. 


For consistency, all deposition units are converted to mg/m2. Table 2 displays the 
parameters determined from the above approach. Their values form the dose-response 
library in FSCBG and its decision support systems. 


In Table 2 the column titled "Type of Data" refers to the method used to assay insect 
mortality: : 


A Artificial diet (feeding discs, cubes or treated foliage discs in the laboratory) 
B Force feeding (injection into the gut, in the laboratory) 

C Contact dose (topical application in the laboratory) 

D Field data (from aerial spraying) 

E Spray tower data 
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Table 2: Summary of dose-response parameters. 


INSECTICIDE/ 
ERBICIDE 


AVM 

Carbaryl 

Carbaryl + piperonyl 
butoxide 

Diazinon 

Dimethoate 

Dimilin (Diflubenzuron) 
Dimilin (Diflubenzuron) 
Dimilin (Diflubenzuron) 


Dimilin (Diflubenzuron) 


Dipel (Bt) wettable powder 


Dipel 2X 
Dipel 6AF (Bt) 
Dipel 6AF (Bt) 
Endosulfan 
Fenitrothion 
Fenvalerate 

- Foray 48B (Bt) 
Foray 48B (Bt) 
GS-13005 


GS-13005 + RO5-8019 


INSECT/ PARASITE/ 
WEED SPECIES 


Beet Army Worm, 
neonate larvae 
Gypsy Moth, 

3rd instar 

Gypsy Moth, 

3rd instar 

Gypsy Moth, 

3rd instar 

White Butterfly, 
1st instar 

German Cockroach, 
unknown stage 
Gypsy Moth, 

2nd instar 

Gypsy Moth, 

3rd instar 

White Butterfly, 
1st instar 

Pine Butterfly, 
late instars 


Beet Army Worm, 
neonate larvae 


Butterfly (/. fotis), 
unknown stage 
Butterfly (C. sheridani), 
unknown stage 
White Butterfly, 
Ist instar 

White Butterfly, 
Ist instar 

White Butterfly, 
Ist instar 

Gypsy Moth, 

3rd instar 

Peach Twig Borer, 
building population 
Gypsy Moth, 

3rd instar 

Gypsy Moth, 

3rd instar 
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TYPE OF 


ve) 


Wea, ee, Se. SO 


w 


@Q- moe. BO. o> 


o 2 0 > 6 


REF # 


ra) 
12 
19 
12 
25 
Pe) 
22 
30 
30 
25 
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-5.353 
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-12.56 


-3.903 


2.10 


-9.29 


-3.701 


-3.348 


-0.535 


-0.475 


-19.87 


-21.77 


-11.28 


-0.686 


1.556 


-9.203 


-7.816 


Ic” 


1.951 


0.585 


1.012 


0.962 


1.081 


1252 


0.389 


0.382 


12537 


1.043 


0.749 


1025 


1.724 


27097 


3.281 


12932 


0.716 


0.282 


1.062 


0.956 


Table 2: Summary of dose-response parameters (continued). 


INSECTICIDE/ 
HERBICIDE 
HD-S-1980 (Bt) 
HD-S-1980 (Bt) 
HD-S-1980 (Bt) 
HD-S-1980 (Bt) 
Mobam 

Neem 

NPV 

NPV 

NPV 

NPV 

Phosalone 

Pirimicarb 
Pirimiphos-methyl 
Resmethrin 
Resmethryn + piperony] 
butoxide 

SAN415 (Bt: NRD-12) 
“SAN415 (Bt: NRD-12) 
SAN415 (Bt: NRD-12) 
SD-8447 


Thuricide 32 LV 
(Bt: HD-1) . 


INSECT/ PARASITE/ TYPEOF REF# 
DATA 


WEED SPECIE 
Spruce Budworm, 
6th instar 

Spruce Budworm, 
Ath instar 

Jack Pine Budworm, 
4th instar 

Western Spruce 
Budwom, 4th instar 
Gypsy Moth, 

3rd instar 

Beet Army Worms, 
neonate larvae 
Gypsy Moth, 

lst instar 

Gypsy Moth, 

2nd instar 

Gypsy Moth, 

3rd instar 

Gypsy Moth, 

2nd instar 

White Butterfly, 

lst instar 

White Butterfly, 

1st instar 

White Butterfly, 

lst instar 

Gypsy Moth, 

3rd instar 

Gypsy Moth, 

3rd instar 

Spruce Budworm, 
Ath instar 

Jack Pine Budworm, 
4th instar 

Western Spruce 
Budwom, 4th instar 
Gypsy Moth, 

3rd instar 


Spruce Budworm, 
4th instar 
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28 
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19 
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25 
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28 


28 
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-2.360 


-2.949 


-4.458 


-2.147 


-4.877 


0.449 


-2.231 


-7.538 


-9.498 


-0.393 


-17.24 


-18.77 


al919 


-3.20 


-5.164 


‘-1.707 


-2.164 


0.508 


-9.641 


-1.067 


Is* 


0.665 


0.782 


1.068 


0.838 


0.607 


0.151 


1.687 


1.944 


213k 


0.195 


1.950 


1.633 


2.967 


0.580 


1.017 


0.989 


1.072 


0.835 


1.087 


0.770 


Table 2: Summary of dose-response parameters (concluded). 


INSECTICIDE/ INSECT/ PARASITE/ 
HERBICIDE WEED SPECIES 
Thuricide 32 LV Jack Pine Budworm, 
(Bt: HD-1) 4th instar 
Thuricide 32 LV Western Spruce 
(Bt: HD-1) Budworm, 4th instar 
Thuricide 64 LV Gypsy Moth, 

2nd instar 
Zectran (Mexacarbate) Gypsy Moth, 

3rd instar 
Zectran FS-15 Spruce Budworm, 
(Mexacarbate) unknown stage 
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28 


28 


18 


ji 


20 


-1.427 


0.426 


-1.564 


-8.764 


1.856 


Io* 


0.771 


0.618 


0.726 


1.140 


0.751 
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